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1. Introduction

During last RAN4#94 emeeting, the WF on CSI-RS configuration and intra/inter-frequency measurements definition for CSI-RS based L3 measurement was approved in [1]. Multiple options of CSI-RS based intra-frequency measurement are provided in the WF. This paper continues to discuss the definition of CSI-RS based intra-frequency and inter-frequency measurement.

2. Discussion
· MO configuration

It is confirmed in the WF that the CSI-RS resources in the same MO shall have the same centre frequency, SCS and CP type. RAN4 is discussing whether the bandwidth of CSI-RS resources in one MO shall be the same. 
	· MO configuration

· Case 1: all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.

· Case 2: all CSI-RS resources in the same MO have the same center frequency, SCS, CP type configured. BW can be different.
· FFS whether to define RRM requirements for Case 2 in RAN4#94bis.


In RAN1 the MO definition is settled down [2]. It is agreed in the LS that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS. The RAN4’s conclusion shall not contradictory with the RAN1 agreement. Adding additional bandwidth restriction will impact the RAN1 agreement and the RAN2 signalling design.
Since there is less progress on this topic during the past several meetings, the compromise way is to keep the existing MO definition and don’t define the RRM requirements for case 2. It shall be pointed out that in essence this restriction limits network to configure different bandwidth of CSI-RS resources in one MO. If the neighbour cells have different bandwidth of CSI-RS resources while have the same center frequency, according to the banwidth restriction, network shall configure multiple MOs for UE. So far in the current specification, different frequency layer has different center frequency (frequency layer and MO are equivalent). Based on the bandwidth restriction in one MO, the definition of frequency layer shall be re-visit for CSI-RS based measurement. The UE capability is discussing simultaneously in the CSI-RS L3 WI, we suggest that if there are N MOs with the same center frequency, the number of frequency layer shall be regarded as N.
Proposal 1: MO definition defined in RAN1 shall be kept unchanged. Compromise that no RRM requirements for Case 2, however if there are N MOs with the same center frequency, the number of frequency layer shall be regarded as N.
· Intra-frequency measurement definition
There may be multiple CSI-RS resources in serving cell, thus the reference point of the centre frequency of CSI-RS resources on the serving cell shall be firstly identified. As we know, for SSB based measurement, the intra-frequency measurement is defined as below [TS38.133].

“A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.”

Where the reference SSB is the absoluteFrequencySSB of the serving cell which is indicated by the IE servingCellMO in ServingCellConfig. Similar, the CSI-RS based intra-frequency measurement can follow such definition as well.

In RAN2 the servingCellMO is specified as below, and the IE has provided guidance of deriving the reference centre frequency of CSI-RS measurement (see the yellow highlight).
	servingCellMO

measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same as the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList.   


As we know, the CSI-RS resources in the same cell have the same frequency center and bandwidth. From our point of view, the above reference center frequency selection of the CSI-RS resources in the serving cell is clear. 
As we all know, there is only one intra-frequency MO in R-15. It means that the SSB based intra-frequency MO shall include the indicated SSB of the serving cell. Following the same way, the CSI-RS based intra-frequency MO shall include the indicated CSI-RS resource of the serving cell. Using this way, there is only one intra-frequency MO. Other MOs which are not indicated as servingcellMO are inter-frequency MOs. Then the discussion of UE capability can focus on the number of inter-frequency layers.
Proposal 2: CSI-RS based intra-frequency MO is the MO indicated as servingCellMO.

Another view of defining the CSI-RS based intra-frequency measurement is the bandwidth of the CSI-RS on the neighbour cell is within the active BWP of the UE. The motivation of the option is that all MOs which are regarded as intra-frequency layers can be measured without gap. The analysis of the option is provided as below,

· Using this definition, there may have multiple intra-frequency MOs. Currently there is no UE measurement capability for monitoring multiple intra-frequency layers. Without restriction on the monitoring intra-frequency layer numbers, it means putting the additional capability which UE shall support. We don’t expect to initiate the new discussion on the monitoring multiple intra-frequency layers in CSI-RS based L3 measurement due to the limited TU left for the WI. We suggest this case is regarded as inter-frequency measurement and the measurement can be performed without gap.  
· The active BWP can be changed by DCI/Timer/ RRC. Although the CSI-RS measurement requirements are not specified so far, the SSB based measurement requirements can be referred to. For SSB based measurement, the required available sample numbers of intra-frequency with and without gap are the same (5 samples for intra-frequency). However the required available sample numbers of intra-frequency and inter-frequency are different (5 samples for intra-frequency and 8 samples for inter-frequency). In order to use the samples efficiently, the better way is to remain one MO measurement type unchanged (i.e., always intra-frequency). 
· As we discussed in SSB measurement, the intra-frequency definition is decouple with the measurement requirements. RAN4 took almost 1.5 year to discuss the requirements of SSB based intra-frequency with/without gap, inter-frequency with/without gap. Now the structure is stable. We don’t expect RAN4 restart the discussion of constructing a new framework of defining CSI-RS based measurement.
Consequently, a measurement is defined as a CSI-RS based intra-frequency measurement provided that:

· the CSI-RS resources configured for measurement are in the MO indicated as servingcellMO,
· the SCS of CSI-RS on the serving cell and neighbour cell is the same,
· the CP type of CSI-RS on serving cell and neighbour cell is the same,
· the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement in servingCellMO,
otherwise the measurement is regarded as inter-frequency measurement.
If CSI-RS resource of serving cell is not available, it means that there is no intra-frequency measurement layer. In this case, all MOs can be regarded as inter-frequency MO.
Proposal 3: One option: A measurement is defined as a CSI-RS based intra-frequency measurement provided that:

· the CSI-RS resources configured for measurement are in the MO indicated as servingcellMO,
· the SCS of CSI-RS on the serving cell and neighbour cell is the same,

· the CP type of CSI-RS on serving cell and neighbour cell is the same,

· the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement in servingCellMO,

otherwise the measurement is regarded as inter-frequency measurement.

If the network can guarantee the following two conditions:

1. there is only one CSI-RS MO in the center frequency and all the CSI-RS resources in the MO have the same bandwidth, and

2. CSI-RS resources for serving cell are configured in one MO (the condition is to avoid the case that the CSI-RS resources in serving cell are split to 2 MOs with different certer frequency. If this, there are two intra-frequency certer frequencies)
Then the intra-frequency measurement definition can be defined as the following alternative way.
Proposal 4: Alternative: A measurement is defined as a CSI-RS based intra-frequency measurement, provided that:

· the SCS of CSI-RS on the serving cell and neighbour cell is the same,

· the CP type of CSI-RS on serving cell and neighbour cell is the same,

· the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement in servingCellMO,

Editor’s note: only below configuration is considered in R16:
- There is only one CSI-RS MO in the center frequency and all the CSI-RS resources in the MO have the same bandwidth; and

-all CSI-RS resources for serving cell are configured in one MO

3. Conclusions

This contribution provides the preliminary discussion on definition of intra-frequency CSI-RS based measurements. The proposals are provided as below:
Proposal 1: MO definition defined in RAN1 shall be kept unchanged. Compromise that no RRM requirements for Case 2, however if there are N MOs with the same center frequency, the number of frequency layer shall be regarded as N.

Proposal 2: CSI-RS based intra-frequency MO is the MO indicated as servingCellMO.

Proposal 3: The limitation of the same bandwidth of CSI-RS resources on the target cell as bandwidth of CSI-RS resources on the serving cell is not necessary and putting additional restriction on network configuration.
Proposal 3: A measurement is defined as a CSI-RS based intra-frequency measurement provided that:

· the CSI-RS resources configured for measurement are in the MO indicated as servingcellMO,
· the SCS of CSI-RS on the serving cell and neighbour cell is the same,

· the CP type of CSI-RS on serving cell and neighbour cell is the same,

· the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement in servingCellMO,

otherwise the measurement is regarded as inter-frequency measurement.

Proposal 4: Alternative: A measurement is defined as a CSI-RS based intra-frequency measurement, provided that:

· the SCS of CSI-RS on the serving cell and neighbour cell is the same,

· the CP type of CSI-RS on serving cell and neighbour cell is the same,

· the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement in servingCellMO,

Editor’s note: only below configuration is considered in R16:

- There is only one CSI-RS MO in the center frequency and all the CSI-RS resources in the MO have the same bandwidth; and

-all CSI-RS resources for serving cell are configured in one MO
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